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0 Reference signal generation apparatus for posltlen detector. 

@ A refarence signal generation apparatus for a 
position detector is disciossd In v*lch a plurality of 
signals having peaks at predetermined Intervals are 
pnodijced from tlia light transmitted thnjugh slit rows 
of random patterns and a plurality of light detectors 
(30, 31) for detecting the same light, thereby produc- 
ing a refarence dgnal In the vidnlty <tf nr^asdmum and 
minimum values of the dWerenco signal between the 
output signals of me light detectors {30. 31). F | G I 
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REFERENCE SIGNAL GENERATION APPARATUS FOR POSmCW OerECTOR 



eACKGftOUND OF THE INVENTION 



RELD OF THE INVENTION 



The present 'mrntHon relates to a reference 
sigridl Qeneration apparatus fbr a posHion detector 
of a positioning device* 



DESCRIPTION OF THE PRIOR ART 

Photoelectric encoders are widely used as po* 
sition detectors of positioning devices* Such a pho-> 
toelectric encoder comprises a moving slit plate 
adapted for rotary or Hnear motion and a fixed alit 
plate having a rnvltiptldty of slits for generaflng 
counting signals and a reference signal, and op* 
erates to detect the position of an object by opti- 
cally recelWng pulse outputs from a plurality of 
light detBCtorB. An. example of such a conventional 
rafarence afgnal gen^on apparatus tbr a pho- 
toalacttic encoder wlir be exptalned below with 
reference to accompanying drawings. Rg. 10 
shows an outRne of a conventional photoelectric 
encoder. Reference numeral 1 designatee a mov- 
btg silt plate In rotary motion, numeral 2 a Rght 
»3urce^ numeral 3 a fbced silt plate, numerals 4. 5, 
8 light detBctcra, and numeral 7 a rotary member. 
Numeral 8 designates slits for generating a count- 
ing signal which ars formed on the moving slit 
plate r. Numeral 9 designates sifts for generating a 
countfng signal which are formed cn the fixed sBt 
plate in opposing relaljon to the sDts 8. Numerals 
tO» 11. 12 and 13 designate sGts for generating 
refdren(» signals, of which the slits 1Q« 11 are 
formed on the moving sfit plate 1, and the slits 1% 
13 on tfie fixed sift plate 3. The slits 10 and 12 are 
anranged In opposing relation to each other so th^ 
tiie light from the light source reaches the light 
detector 4 therethrough. The slits 11 and 13 are 
also arranged In opposing relation to each other so 
that the light .that has passed therethrough Id de- 
tected by the Tght detector 5< The ^ 8. 9 and the 
fight detector 6 mre also arranged in similar marv* 
ner. Rg. 11 Is an enlarged view of tile site ID to 13 
for generating the reference signals, and Rg. 12 a 
diagram for explaining the processing of an output 
signal of to 8^ detectors A, 5. Numeral 14 des- 
ignates drcult means for producing a signal C 
making up the differen c e between a ^gnai B pro- 
duced from the light detector 4 and a signal A 
produced trom the Ught detector 5. Numeral 15 



desfgnates circuit means fbr comparing the signal 
G with a threshold value D to produce a reference 
signal in pulse form when predetermined condJ- 
fions are satisfied. Rg. 13 shows the signals piot- 
s ted In a graph where the abscissa represents the 
lapse of time with ih© n>tatIon of the moving slit 
plate 1 and the orcfinate the values of the respec- 
tive signals- 

The operation of the photoelectric encoder 
10 configured as above will be explained below. The 
moving slit plate 1 la adapted fn^ rotating integrally 
with the rtJtary member 7. In the process, the light 
passing through the slits B. 9 are Entenoiptedp there- 
by producing a counting signal output firom the 
75 light detector 6. The slits for generating the refers 
ence signals are arranged at random as shown in 
Rg. 11. so that a peak ouq^ut Is produced only 
when two corresponding slits are overlapped in 
registration with each other. Specifically, the sGts 

zo _ 11 and 13 are an^ed the same way. and the 
signal A with a peak Pi Is produced firom the light 
passing them. The slits I2r on the other hand, 
are arranged with the light-interrupting portion and 
the llghl-transmltting portion thereof Irr oppo^ng 

2S relation to each other for pn^ut^g the slgnai B 
wfth a peak P2. These allta and the light (fetectors 
are arranged In such a manner as to produce the 
peaks Pi and Pz substantially at the same ttma. 
The signal C. which is taken as a difference ba- 

ao tween the signed A and B, offsets the variatens of 
the sign^ A and 9 caused by the changes In light 
quantity or noise connponents carried In each of the 
signals thereby to improve the anti^io^ ability. 
This d^rence signal 0 Is compared with a thresh- 
es cUS value D, and when the value of the difference 
signal C ie isrger than the threshold vali^ D, the 
reference signal Is produced. If the threshold vattie 
D Is set to a level assodatsd only with the pteak P9 
of the d i ff e rence signal C but not with other pe^ 

40 it Is possa>ie to obtain a reference sfgnal only at a 
position that Is the positton of the peak P3. Also, in 
view of ^ fact that the difference signal Q takes a 
waveform similar to a trlangfe in the vldnlty of flie 
peak Pg. the vrldth of the rBferen c e signed Is ca- 

45 pat)le of being actuated wfthin a certain range by 
adjusting the value of the threshold D. Spedfically, 
if the thresftold value D Is Increasedi the reference 
signal Is reduced In wldtt^ while if the setting of the 
threshold value D Hi reduced, the wkifii of the 

60 reference signal fncreased. In the evait that the 
thre^old value D is set to an excesshrety large 
value, however. It becomes Im^xisslble to produce 
such a reference signal because of the decrease in 
tf)e p^ Pd of the difference signal C. if the setthig 
of the thrs^old value 0 is too small, by oontrasl 
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pom other than Ihe p^k Pa of the difference 
signal C which may have largo amplltudds due to 
noiso or tfie Hke sKcsed the threshold vaiue d 
thereby undesirably generaflng a reference signal 
asaociatsd with that particular position. As a result, s 
values [hat are available ae the threshold value 0 
are limited to an appropriate range, and therefore 
the range of adjusting the width of the reference 
algnal is also Rmited. Further. In the process of 
adjusting the width of a reference signal, (he posl- io 
tion thereof is also changed, thereby making it very 
difficult to adjust ih© position and wfdth thereof 
independently of each other. 

Explanation be made now of another oxam- 
ple of a conventional reference Signal gensraiion ts 
apparatus of a photoelectric encoder, which ap- 
paratus r$ different from the conventional apparatus 
described above, Ftg. 14 shows a general conRgu- 
rab'on of such a conventional apparatus, in which 
the moving slit plate 1 . the light source 2, and the so 
fixed slit plate 3 are simflar to those shown above 
respectively. Numerate 16 and 17 designate light 
detectors, numerate 18, 19. 20 slits, of which the 
silt 18 Is fnnriQd In the moving silt plats 1» and tho 
slits 19 and 20 in the fixed slit plate 3. The Rght is 
detector IB Is in opposing relation to (tie sBt IB, So 
that with the noietion of the moving slit plate h ths 
slits 18 and 19 also come to be opposed thereto, 
with the result that the light from the Hgtrt «5urce 2 
reaches the light defector 16 through the slits 18, so 
19. The light detector 17, and the slits 18. 20 are 
also constructed In similar manner. Each slit has a 
Single opening, and the ^s 19. 20 are formed In 
spaced relationship adjacently to each other. Fig. 
15 is a diagram showing the processing of output as 
signals of the light detectors 16 and 17. Numeral 
21 dedgnates circuit means tor producing a signal 
G making up a dlffsr^nce Signal between an output 
signal E of the light detector 16 and Bn output 
agnal F of the light detector 17. and numeral 22 40 
ciTCUIt means for producing a reference signal firom 
the ^nal Q. Fig. 16 showe a graph in wttich the 
abscissa repreaems the fapse of tfme with the 
rotation of the moving slit plate 1 and the ordinate 
the respectiva signals. ^ 

The operation of the reference signal genera- 
tion apparatus configured as explained above wilt 
be descHbed. The llgM detectors 18 and 17 boBi 
receive and produce the BgW passed through tte 
slit 18. As a result, the signals E and F which make so 
up outputs of the Kght detectors 16 and 17 r^ec- 
(Iveiy reach a peak output vahie alter the lapse of 
as much time as required for the slit 18 to move 
between the sIHs 19 and 20. A signal Q havfrig a - 
point of zero between the positive and negative 66 
maximum values Is obtained as a difference be* 
tween the signals E and F. A mettuid has been 
used by which a point where the value of the signal 



G becomes zero is detected, and a reference sig- 
nal is produced during a very short period from the 
instant of the particular detection. In this method* In 
omer to specify a pofrit where the si^naJ Q be- 
comes zero, the signal Q is compared with the 
threshold values H and I and positive and negative 
peaks detected to determine a point where the 
signal G becomes 2ero between the peaks. 

This configuralfon, however, has a problem de- 
scribed below. Rrst in the conventional method 
first above descrrbed. if a reference signal cor- 
responding to a high resolution is to be obtained, it 
is necessary to sharpen the peak Pa with a re- 
duced width thereof to reduce the minimum widft 
of the silt At the same lime, the interval between 
the moving slit plate and the fixed sift plaie Is 
required to be shortened. This construction, how- 
ever, is actually difficult to realize in view of the 
problem of assembly, slit contamination or damage 
with dust involved. Also, In order to pmduce an 
output Uke signal A or B. the slit 10 Is required to 
iTOluds en opaque part in the lIgh^t^an3mitt• ng part 
thereof. The light f^ th© ligm-transmftting part Is 
Uable to circumvent to other Ifght-receiving parts» 
tsften adversely affsctlr^ the counting signal. For 
preventing this Inconvenience, the sfit 10 Is re^ 
Quired to be located In spaced relationship from 
the counting slit, thereby making It difTicult to re* 
duce the size of the apparaiue as a position detec- 
tor, fn (he second conventfonal apparatus de- 
scribed above with sIKs having a single opening, on 
the other hand, less luminous energy is transmit* 
tod. resulting in a decreased output and Inferior 
signaJ-to-nolse ratio. A method to solve this prob* 
lem in keeping with ttw trend loward higher accu' 
racy is by reducing the slit widtfi and increasing 
the opening area. Such a method* however, has Its 
own Dmftatlon as the apparatus Is increased h size. 
Also, since a referenca signal is pnjduced only tor 
a very short period of time from a point the posl* 
tlon of the reference dgnal undergoes a change 
depending on the direcfion of rotation. 



SUMMARY OF THE INVB^ION 

Accordingly, the primary object of the present 
Invention Is to provide a reference signal genera- 
tion apparatus for a position detectc^^ of high accth 
racy and high signaHo-nolse ratio that can meet 
the trend toward a reduced apparatus Sizo and 
higher resolution. 

According to the present Invention, there is 
provided a reference signal generation apparatus 
comprising a first silt sectton Including a (^ureQty of 
silts with different Intervals or different widths on a 
moving slit plate, a second silt section of similar 
conflgurafion on a fbced slit plate, a pluramy Of light 
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ctetectora fbr detecHng th© light transmftted through 
the 3frt sectlcwis, dreult means for producing a 
dffFerence signal between the output signals of Uie 
Bght detectorsr and circuit means for producing a 
reference signal between the niaxinium and mini- s 
mum values of the difference signaJ» wherein the 
/ight detectors and the slit sections are an^ed In 
such a manner that each output of the light detec- 
tora takes a maximum value at predetennlned m- 
tsrvals on the movf^g snt plate. to 

According to another aspect of the present ' 
Invention, the first and second slit sections are so 
constrtcted that when one of the outputs of the 
light detectors takes a peak Other than ttie greatest 
local ma^dmum, the output of the oth^ light detec- is 
tor also assumes a peak. 

According to still another aspect of the present 
InvsntSon, the circuit means for producing a refer- 
ence signal is so constructed that a refarentsd 
signal ie generated only during the period when 9ie so 
difference signal takes two different vaiuee between 
9ie maximum and minimum Jevets thsreol 

According to a further aspect of the present 
Invent, each of the first sOt section and the 
second silt section is conflguned of a plurality of sift 2S 
rows of different sift pettema each having «iits of 
unequal imervals or unequal ^dths^ and the light 
detectors detect the Oght transmitted through the 
slit mws of the first ^It section and the second sSt 
section* 30 

AcconSDng to a atifl hirther aspect of the 
present invention, eadi of the first sHt section and 
the second sirt section includes a pluraOty of slit 
fOW9 of d^ereni tncllnation angles* each slit row of 
9ie second sPt section having the same s&t inciina- ss 
tlon angle as the corresponding slit rowe of the first 
slit section. 

According to a still further aspect of the 
pre^nt invfifntfon, the apparatus compiffeM a laser 
beam source. In wl^ the moving silt plate, the 4o 
fbced sift plate and the light detectors are arranged 
In stICh a manner that the bright/l^ strfpes of the 
Fraunhof^ dHliractfon Image formed by the slit sec* 
tlon of the sOt plate disposed on the skje of the 
light source are radiated on the light detectors « 
through the sSt section of the silt plate disposed on 
the side of the light detectDr?. 

According to the configuration described 
above, the light detectors detect the lumlhous en- 
ergy transmftted In superposed relations through so 
the first slit sectkan and the second slit sec^n 
having a pluralty of slits of different intanrais or 
different widths. As a result the tuirdnous ener^ 
thus detected is much larger tfsn the one detected 
with slits of single opening. Siereby leading to an 59 
Improved S/N. Also, production of a difference sig- 
nal between the outputs of the light detectors off* 
sets 9)e dgnaf ftuctuatfons due to* nofera for an 



Improved of the required peak value, The 
. luminous energy transmitted through the first and 
second sGt sections roaches a sharp peak point 
when the respecc^e slit pattems coindde with e$ch 
other, and the peak wkfth corresponds to the sift 
width. It Is thus possible to obtain a sharp, high 
peak. 90 that a large inclfnatlen is obtained of the 
difference signal between peaks In spaced relation- 
ship with each crther. When a r^ronce aignal is 
produced as a givsn value of the difference signal, 
therefore, the peak width can also be Increased to 
widen each sRt width proportionately with the In* 
crease in transmftted luminous energy. As a con* 
sequence, the Interval between the moving sift 
plate and the frxed silt plate can be widened, 
theroby reducing the change of damage on the one 
hand and fadlltaflng the assembly and adjustment 
on the other. The large luminous energy also elimi- 
nates the need of a larige opening, resulting fn less 
light ciroumventlon tor a reduced ^paratue size. 



BRIEF DESCRIPTION OF TOE ORAWINQS 

Rg. 1 is a schematic diagram showing a 
nsfsrence signal generation apparatus fbr a position 
detector according to a first embodiment of the 
present Invention. 

Rg. 2 IS ai enlarged view of ihe eseential 
parts of the appara&js shown In Rg. 1. 

Rg* 3 Is a diagram showing a signal pro- 
cessing system of (he reference signal generafion 
apparatus for a position detector according to the 
first erotjodlment 

Rg. 4 Shows Signal waveforms produced In 
the apparatus of Rg. l. 

F}g« 5 Is a diagram schematically showing a 
reference signal generatfon apparatus for a posftlon 
detector according to a second emt)0diment of the 
present Invention. 

Rg. 6 is a diagram showing signal 
waveforms prc^^uc^d in the apparatus of Rg. 5. 

Rg. 7 is a schematic diagram showing a 
reference signal generation apparatus fbr a position 
detector according to a third embodiment of the 
present Inventton. 

1^. 8 Is an enlarged view of the essential 
parts of fte apparatus shown In Rg. 7. 

Rg. 9 Is a diagram showing an enlarged 
view of the essential parts of a ref^nce signal 
generation apparatus fbr a poalilon detector ac- 
cording to a fburlh embocflment of the preaetti 
irwentlon* 

10 ts a diagram schemaficaDy ehowlng'a 
roterer^ signal generation apparatus for a p<sftlcn 
detector according to a first example of the |»ior 
©I* 
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Rg. 11 is an anlargod view of th© essantiai 
pans of th© apparatus $hown In Rg. 10. 

Rg. 12 [3 a diagram shewing a signal pro- 
cessing system In the apparatus of Rg. 10, 

Rg. t3 shows signal waveforms produced fn s 
the apparatus of Rg. ia 

Fjg. 14 Is an enlarged view of the essential 
parts of a reference signal generatfon appaiatua for 
a position detector according to a second example 
of the prior art. 

Rg. 15 (s a diagram showing a signal pro- 
cessing system of ifta apparatus shown in Rg. H. 

Rg. T6 shows signal waveforms produced in 
the apparatus of Fig. u. 

Rg. 17 is a schematic diagram showing a rs 
reference signal gsneraticn apparatus for a position 
detector according to a fifth embodiment of the 
present invention. 

Rg, 16 is a diagram showing a signal pro 
cessing system for a refsraice signal generation 20 
apparatus for a position detector acconjing to a 
seventh embodiment of the present Invention, 



DESCRIPTION OF THE PREFERRED EMBOOI- ss 
1VIENT3 

A reference elgna/ generation apparatus for a 
position detector according to a first embodiment 
of the present invention win be explained with refer- 50 
ence to the accompanyrng drawings. Rg. 1 sche- 
matJcally shows a reference signal generatfon ap^ 
paratus for a position detector according to tfie ffrst 
embodiment of the present Invention- isivmeral 1 
designates a moving silt plats, numeral 2 a ligW as 
source, numeral 3 a fbced slit ^ate. arxl numaral 7 
a rotary member as in conventional similar ap^ 
paratuses* l^mera/s 30. 31 designate light detec- 
tore. Numeral 32 designates a first slit section 
including a plurality of slit rows fonmed on the 4o 
moving slit plate 1, and numeral 33 a second sflt 
section including a plurality of silt rows formed on 
(he fixed slit plate 3, Rg. 2 Is an enlarged view of 
the essential parts of the first slit section 32 and 
the second slit section 33, The first sm section 32 4s 
includes two sBts 34 and 35 which are di^aced 
but have the same sDt pattern. Also, the second slit 
section 33 has the same slit psrttem as the first aUt 
section 32 1^ with a dfffterent size. The light detec- 
tor 30 Is disposed at a po^'on corresponding to so 
the slit 34 and the ^ond siit section 33. and the 
light detectw 31 at a posltlc»i corresponding to the 
sift 35 and the second slit section 33. Rg. 3 shov/s 
an output signal processing system for each of the 
Bght detectors. Rg. 4 is a diagram in which the ss 
abscissa represents the (*angs of the moving silt 
plate with time as it rotates, and the onjinate the 
magnitude of each signal. NumeraJ 38 designates 



circuit means tor determining a difference signal 
between the output signal J of the light detector 30 
and the output signal K of the light detector 31, 
numeral 37 circuit means for determining the posl^ 
tfve and negaUve maximum values of the difference 
signal L by comparing prede^moined threshold 
values M and N wfth each other, and producing a 
signal only between the positions associated with 
the positive and negative maximum va/ues of the 
difference signal L. and numeral 38 circuit means 
fbr producing a reference signal when the di^ 
ference signal L takes a value between predeter- 
mined threshold values 0 and P while a signal Is 
produced from the circuit means 37, 

The operation of the reference ai^al genera- 
tion apparatus f^ a posifion detector configured as 
above will be explained. The first sfit section 32 
and the second slit section 33 have a silt pattern 
with a piuraflty of silt rows. Only when correspond- 
ing slits, thai Is, the slit 34 and the second sflt 
section 33, or the silt 35 and the second silt section 
33 are superimposed in registry with each other, 
the luminous energy tranamfttad through the slits 
reaches a maximum as shown in Rg. 4 so that the 
output of a corresponding light detector has a peak 
P. In (his random pattern arrangement of siFts, only 
a low output is produced as compared with the 
peak P un<fer conditions other than the case of 
supeifmpositlon described above. With the rotation 
of the moving sirt plate 1, the first slit section 32 Is 
superimposed on the second slit section 33. and 
the light detectors 30. 31 produce an output signal 
J and a signal K as ^lown in Rg. 4 The peak 
points of the signals J and K are displaced fmm 
each other by the amount of displacement between 
the silts 34 and 35. which amount depends on the 
magnitude of the peak P and the accuracy of the 
reference signal. After that, the clrci^ means 38 
produces a signal L representing the difference 
between the signals J and K as shown In Rg. 4. 
Rrraliy, a reference signal Is determined frem the 
diffmnoB signal L and the threshold values 0 and 
P. The circuit means 37 ts Inserted in onjer to 
specify such a reference signal to a single point 
The circuit means 37 thus compares the positive 
and negative mawmum values of the signal U l>y 
the use of the threshold values M and N. and is 
adapted to detect that the signal L is located be- 
tween the positive and negative maximum levels 
from the signal value and tte direction of rotation. 
Under ^ch a condition, a reference ^nal Is pro- 
duced by the circuit means 38 from the signal L 
and threshold vahjea 0 and P. 

As described a^ove. according to the embodi- 
ment under considsralion, a difference between a 
pluiaBly of signals produced by superlmpositlon of 
the first slit section and the second sHt section 
each induding a plurdlty cf sUt rows Is taken to 
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mwt the requirement of high accuracy to a degree 
greater the smafler the displacement between peak 
points of the light detector outputs and the greater 
the peaks thereof. Nevwlheress, the use of a plu- 
rality of slits permits a larger output to be produced s 
than In the second example of convenftonar ap- 
parakises. while at the same time making it possi- 
ble to set the displacement of peak positions as 
desJrad for an easier fmprovemant in accuracy. 
Further, due to the Inherent fact that a large output io 
Is capable of being prcducad. the size of the ap- 
paratus need not be Increased to Increase the 
output thereof, thereby making a compact, high- 
accuracy apparatus possible. Further, the produc- 
tion of the difference signal ronders the apparatus fs 
more resistant to preceding disturbances such as 
noise or luminous energy fluctuations leading to en 
Improved S/N. Furthermore, in spite of the rosem- 
blanoB of the ^it rows of the ffrst example of the 
prior art tte embodiment under consideration has go 
an advantage over the first example of the prior art 
requiring fine alfts to Improve the accuracy causing 
the above-mentioned probtem. Specifically, in the 
embodiment under conaiderationf an improved ao 
curacy Is related to the amount of displacement of as 
peak positions of outputs of a plurality of light 
detectors, and the accuracy of the slits has less 
importance. As a result it is possible to use sKte 
comparativefy low In fineness, which in turn, permits 
a wider distance between the moving sfH plate and ao 
the silt plate for an Improved reliabOity. Also« 
unlike In the first example of the prior a1 In which 
two pattems, positive and reverse, of the output of 
light detectors are required thereby posing the 
problem of (t)e drcumventfon of light at the bright us 
part of sfHts, the embodiment under consideration is 
free of such an Inconvenience and can produce a 
stable output without any bulky equipment thaieby 
making a suitable plication for high-reJIsbllhy and 
compact apparatus. <o 

On the ofter hand, the use (rf drcult means for 
pn^ucing a reference ^nal indicafing the position 
of the oHgin between two dHferent threshold values 
tn a section betwem the maximum and minimum 
values of the difference signal pennits the width 4S 
and position of the refarence sigr^ to be set fixed 
as desired, wifliout changing ^e position depend^ 
ing on the rofaflonal diractton unlike in the second 
example of the prior art thereby rmprovlng stability 
and reiiablilty. eo 

Now, a second emtx)dlment of the present 
invention win be explained with reference eo the 
accompanying dravrings. F^g. 6 is a schematic dia- 
gram showing a rBf e ren ce signai generation ap- 
paratus for a position detector ecconding to the 58 
second embodiment of the present tnvenflon. This 
emtadiment is different from the first ombodlmem 
shown in Fig. i only Jn the nitt s&t section 32 and 



the second slit sec^n 33, and the other parts are 
identical to those in the first ambodimenc Speclfl- 
cally. the first sOt section 32 is comprised of sRts 

39 and 40, and the second slit section 33 of slits 

41 and 42. each slit section including a plurality of 
silts. The fight detector 30 Is arranged to cor- 
respond to the light passed through the slits 39 and 
41 1 and the light detector 30 to the light passed 
through the sPits 40 and 42. Rg. 6 is a diagram 
showing changes In each signal value with time 
plotted along abscissa, indicating an output signal 
Q of the light detector 30, an output signal R of the 
light detector 3l and a difference signal S Ihere- 
betwsen. Tlie position where the signal Q reaches 
a peak Is the one where the 3nts 39 and 41 register 
vyith each other, while the position where the signal 
R reaches a peak is the one where the slits 40 end 

42 are In registry with' each other. Peaks are thus 
reached at predetermined intervals. The silts 38 
and 41 are configured the same way, and the slits 

40 and 42 have the same configuratton. bi spile of 
this, the slits 39 and 41 are oonstnjdBd in a way 
different from the slits 40 and 42 in a manner to 
produce different signals respectiveiy. The slits are 
so constructed that when one of the signals Q and 
R reaches a peak, the other takes a local maximum 
value, while in other regions, all sfgnais take sub- 
stantially the same value. 

As described s^ove, the first slit section and 
the second slit section are so configured that peaks 
ofiier than the m^mum values of the outputs of a 
plurality of light detectors are cancelled by other 
peaks as a re^it of detBrmlrtlng the (£ffeienc8 
$ignal« so that tfte parts other than the maximum 
peak required for the reference signal, that is, 
those parts of which are liable to degrade the 
signaKo4ioi8e ratio due to noise or the IHce are 
offset with each other In the difference signal, thus 
attaining a high noise resistance with a high signal 
to-nolse ralfo. Further, a better result Is obtained 
the apparatus Is oonfigured in such a manner that 
the ou^ut of one of the light detectors takes a local 
minimum value when the output of flia other light 
detector is at maximum. 

Now, a third embodiment of the present inven- 
tion will be explained. Rg. 7 Is a schematic dla* 
gram showing a reference signal generation ap* 
paratus for a po^n detector according to the 
third embodiment of the present invention. Rg, 8 is 
an enlarged vievr of file essenfial parts of a dit 
plate used wltii such an apparatus. The moving sflt 
Plata 1, the nght source z, the fixed sm p^ate 3. the 
Oght detectom 30i 31, the first sat section ^ and 
tf)e second slit secton 33 are ^mHar to those 
included in the first emtwdiment of Fig, l. The 
embodiment under consideraUon b different from 
the iir^ embodiment In the configuration of the first 
sfit section 32 and the second sDt section 33 and 
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tfte arrangement of ihe Ifght dstectors 30 and 31 
Speciflcafty, the flr^t slit section 32 is made up of a 
Slit row 43 and a slit row 44. and th9 second slit 
sectton 33 of a slit row 45 and a sfit row 4a The 
silt row 43 comssponds to the sHt row 45, and the 5 
light passed therothnough is detected by the light 
detector 3o. The slit row 44 corresponds to the slit 
nJw 46, and the light passed therethrough I9 
tected by the light detector 3T. The sRt rows 43 
and 44 are arranged in alignment along the direc- 10 
Bon of the nfwvfng silt plate 1. that Is. on the 
circumference thereof. The slit rows 46 and 48 are 
also an^ed In similar manner. 

The operation of a reference signal generation 
apFwatus fdr a position detector configured as is 
aboi/e will be described. The combination the slit 
rows 43 and 46 is arranged In a random pattern 
different from the combinatfon the slit rows 44 and 
48- As a result, when the silts in a combination, that 
is. the sirts 43 and 45, for instance^ come into so 
registry with each other, the opening area is in- 
creased. Otheft^ss. that Is, even when the slHs 43 
and 48 are In registry, the opening area is not 
Increased as much as when slrts rows in a com- 
bif«tton register with each other. As long as the 2$ 
first sJIt section Is not superimposed on the second 
slit section 33, therefore, the light Is cut off and no 
output Is pnxluced from the light detector 30 with 
the rotaSon of the moving silt piate 1. With the 
nDtatlon In the dfrection Indicated by arrow In Rg. 7, ' so 
the sBt 45 cornea to be superimposed first on the 
slit 44 but the slit patterns thereof f^l to coincide 
wfth each other wfft a small amount of luminous 
energy, thereby producing only a smaB output The 
slit 4S then comes to overlap on the slit 43, In 5S 
which case the slit patterns may coincide reauQIng 
in a maximum amount of luminous energy wf^ a 
peA output signal. The same matter can he said of 
the l^ht detector 31 » so that each Ifeht detector te 
adapted to produce a peak output once every 4Q 
rotation of the moving silt plate. The sFits are ar^ 
ranged In such a manner as to produce paak 
outputs at poaitiorte spaced by a predetom^ned 
length. The peak signals of a plurality of light 
detectors thus obtained are processed In the same « 
manner as In the first and second embodiments 
and therefore will not described any more. 

As described above, according to the present 
embodiment, each of tte first slit action and the 
second gfit section are comprised of a plurality of so 
slit niws having different slit patterns, and therefore 
the slits associated with a plurality of fgW detec- 
tors may be arranged in superposition on each 
other- As a consequence, the light detectors may 
be anranged In series along the direction of motfon ss 
of the moving sfft plate, thereby making H possible 
to reduce ihe size of the whole apparatus. 

A fourth embo^ment of the present Invention 



will be explained. Rg. 9 la an enlarged view of the 
Bssentlaf. parts of a reference signal generation 
apparatus for a position detector according to a 
fourth embodiment of the present invention. Includ- 
ing a first slit sectron 32 and a second slit section 
33. TWa embodiment is different from the third 
embodiment of the inven^on In that the slit rows 
making up the first slit section 32 and the second 
slit section 33 are differentfy configured. The other 
parts remain the same as In the afbremehtioned 
embodiments. Specifically, numerals 47. 48 de^ 
ignatB sflt rows making up the first silt section 32, 
and numerals 49, so slit rowg making up the sec- 
ond slit section 33, The silt rows 47 and 43 cor. 
respond to each other, and when they come Into 
registry wfth each other, the maximum amount of 
luminous energy is transmftted, thereby causing 
the light detector 30 receiving the light to produce 
a peak output The sRt raws 48 and 50 are also 
similarly related to the light detector 31. The slit 
rows 47 and 49 are slanted at an angle to the 
direction of motion of tha moving $Mt plate 1. and 
the slit rows 48 and 50 slanted at another angle 
thereto* 

The operation of the reference signal genera- 
tfon apparatus for a position detector configured as 
above will be explained. In this embodiment, as In 
tiie third embodiment, a large luminous energy of 
light 1$ transmuted when conrespondlng slit patterns 
are superposed in registry wfth each other, and the 
light transmftted Is very nttle or nil otherwise. This 
embodiment has \ho sfit pailems configured at 
different angles, and therefore slit rows of different 
slit patterns such as the silts 47 and 80 are Over^ 
tapped on each other, only the centers of the 
crossing which la very small area thereof come into 
registry wltfi each other. As a result* the output of 
the OTial) output portion which otherwise would 
constitute noise is further reduced 1^ an Improved 
sfgnat-to-ndse ratio. In the third embotfmsnt of fte 
Invendon, sift rows are prevented from coming Into 
registry with each other by difterent Intervals of 
slits Included In slit rows, Thfe arrangement re* 
quired the design of at least hvo slit rows for 
obtaining tiie maximum value of luminous energy 
transmftted in peak form while at die same time 
being prevented from pr^udng peak outputs. This 
design work was a troublesome task. Also» direct 
aj^iicatjon of the silt rows for producing an output 
signal according to the second embodiment to die 
third embodiment with two types of silt rows may 
be suffldentiy effective. Accordlr^ to the embodi- 
ment under consfderstton In which slits corns into 
registry with each other due to the forms of the 
slits IhemsBlvas, however, such Inconvertences as 
mentioned above with other embodiments are 
eOntinated to facflitate the design of silt rowa and It 
is possiblo to anrange silts In more proper way. 
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As dQSortbed above, If a plurality of sPtt raws 
ara arranged at different angles, the signal-to-notea 
ratio fs improved and tJi© design of silt rows simpii- 
. Bed. 

Now, a flftfi embodiment of the present Inven- 
tion will be explained. Ftg, 17 fs a schematic die- 
flram showing a reference signal generation ap- 
paratus for a position detector acconjing to the fifth 
smbodinient of the inventioa This embodiment is 
difterent from the first embodiment shown in Rg. i 
In the light source thereof white the other parts 
remain the same. Specifically, the light source 2 in 
Pig. 1 is replaced with a laser diode 51, and a 
coflnfieter lens 52 ftwr converting the light from the 
light-emlttfng surface of the laser diode 51 into 
parallel luminous fluxes. The laser diode 51 and 
the coilmeter fens 52 are anranged m such a itian- 
ner that brfght^darlc stripes of the Fraunhofer dff- 
frecflon image formed by the slit secHon on the 
moving silt plate 1 are radiated on a light detector 
through the slit section on the fixed slit plate 3. Rg. 
16 fs a diagram shovWng an output signal process^ 
ing system tor each light detector. TOs ayctem is 
different firom the dfie Included 'm the first embodi- 
ment of Rg. 3 that the embodiment under consld- 
o-atfon further comprises circuit means 53 for pi^ 
ducing a sum Q of the output signaJ J of the 4lght 
detector 30 and the output signal K of the fight 
detector 31* drcult means 54 fbr comparing the 
sum sign^ Q with a predetermined threshold value 
R and producing an output signal only when Q rs 
^er than R, and circuit meene 55 in place of the 
circuit means 38 for producing an output, that is. a 
reference signal c^ly in response to the output of 
the circuit means 54. 

The operation of the reiisrence signal genera- 
tion apparatus for a position detector configurBd as 
above win be e^lalned Rrst the Rght from the 
Ifght^mitting surface of the laser diode 51 Is con^ 
verted into parallel. light fiuxee through the coi- 
lmeter (ens 52, which fluxes are radiated on the 
pertodlcaJ silt rows on the moving slit plate t, so 
that biighl/(terk stripes with a bright part Inlhe term 
of nannow. sharp beam generated es a Fraunhofer 
diffraction Image through the slits of the s8t row is 
prpiected on the fixed sfit plate 3, The bright/dark 
stripes am detected by the light dietectors to pro- 
duce a position detection sfgnaJ and a reference 
^gnaJ generating signal The component elements 
of the embodiment before the ou^ut signals J, K of 
ttte light detectors 30, 31 are processed bf the 
circurt m^ns 38, 37 and applied as Input dgnals lo 
the cinsult means 55 are identical to those cor- 
responding parts In the first embodiment of the 
invention, A sum signaJ of the output signals J and 
K is obtained as a ^nal Q from the circuit means 
53, ^vhich signal takes a maximum value fntsrme^ 
ate the peales P of the two signals J and K in Rg. 



4. The peak of the signal Q la compared with a 
predetermined threshold vaiu8 R, and when R Is 
smaller than a that is» when at about a point 
intermediate the peaks of the signals J and K, the 
5 circuit means 54 produces an output signal. During 
the period when this signal is produced at the 
sanrw time as the output signal of the circuit means 
37, a reference signa/ is produced by the circuit 
means 65 from the signal L and the threshold 
10 values 0 and P. 

In this way. according to this embodiment a 
laser Ifght source and a Fraunhofer diffraction* im- 
age due to a po-iodicaJ sflt row are used to detect 
light and therefore the interval between the moving 
rs slit plate and the fixed sfrt plate can be widened 
without Increasing the silt pitches, with the result 
that a greater distance between the slit plates re« 
duces the danger of damage and improves the 
assembly efficiency. At the sartie time, the slit 
20 pitch can be reduced without shortening the Inter- 
val between the slit plates, ftereby reducing the 
size and improving t}>9 accuracy of the position 
detector. Another advantage of this embodBment 
Oes In that a sum signal ^ the output signals of the 
as Gght detectors is used In such a manner that a 
1^ sum of the conditional resuit of the value of a 
sum signal and that of a dHfiarence signal is det^< 
mined in the circuit moans 55 to thereby produce 
th^ Reference ^nal, so that as compared with the 
so signal processing means included in the first em- 
bodiment of the invention, ttrere is no need to 
consider the direction of motton of the moving silt 
plate, thus sfmplifying the circuit conflguretion. As a - 
consequence, the cost and size of the apparatus 
35 are reduced with an Improved reliability. 

In place of a position detector having e^ moving 
sirt plate adapted for rotary motion as in each of 
the above-described embodiments, a position de- 
tector Involving linear motion may be used with 
<o equal effect Al^, any combinations of the first 
embodiment to the fifth embodiment may be used* 
Further, the patterns of silt rows are not BmltBd to 
those spetificaify iiiusb^d in each of the embodi- 
ments but may take other fonms as far as the 
46 functtons required of them are achieved, Furmer- 
more. Instead of the silt configuration of the first 
embodiment in which the second siil section 33 of 
each of ttie two tight detsctors includes a dngle silt 
row due to the fact that me interva] between peak 
60 values of the outputs of the flght detectors ^ deter^ 
mined by the first slit section 32 and the silt row 34 
is identlcai to the sDt row ^ another configuration 
with two diffarerrt $ilt rows may be employed or '^e 
second slit section 33 may be inverted in construc- 
ss ton from the firsi slit section 32. This is afso the 
case vt^ other embodlmems. 

The drcuft means described in each of the 
embodiments are not Dmited to those configure- 
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lions but may be sufficient if they have the fUno 
Sons desarjbed. AJ^, h th^ second embodiment of 
the rnvention, the output signaJs of the fight detec- 
tors assume almost the same value at other than 
the maximum values thereof In order to attain ih© 
full offsetting effect In tfie dffterence signal ai- 
though the full offsetting effect may not always be 
attained depending on the random sfit pattern of 
the first sflt section and the second silt section. 
What Is intended in the second embodiment, how- 
ever, ts to offset or cancel out an unnecessary 
signal component by another signal component 
and It Is of course dependent upon the above Idea 
that if an unnecessary peak le contained in one 
signal, a peak signal to offset such an unnecessary 
peak Is added to another signal 

In spite of the fact that the con^espondlng parts 
of the first sl?l section and the second sfit section in 
each of the above-mentioned embocfiments have 
the same sift pattern, different slit n^ws may be 
constructed in the first and second silt sections. 
Especially If the third embodiment Is so combined 
vKlth the second embodiment that Ih© slit njws 
making up the slit secttons are superimposed in 
anangement, the first slit section comes to have a 
slit pattern quite different tirom fliat of the second 
slit section, Also, in Jhe second embodiment if silts 
fbr offsetting In each silt pattem are added, the first 
and second slit sections make up slit njws having 
different slit patterns. 

In addition, the Fraunhofer diffraction Image of 
the laser beam in the frfth embodimem may be 
formed r\cA by reference signal generating sots but 
by the position detecting slit tow. In such a case, 
with respect to the position detecting sUt rows, the 
distance between the moving stit plate and the 
fixed slit plate may be widened by the effect of the 
Fraunhofier diffraction image described with refer- 
ence to the fifth embodiment while with respect to 
the reference signal generating sIFt rows, the same 
d^tance can be Increased by the effect explained 
with reference to the first embodiment, thus pro* 
dudng a balanced position detector. Also, the fifth 
embodiment in which the circuit means 37 com- 
pares the signal L with the ihreshoid values M and 
N to produce an output signal if^ the vteinity of the 
maximum and minimum values of tfw d^rence 
signal U may be slmpfffled by excluding the circuit 
means 55 for taWrrg a logic sum to the extent that 
the output signal of the circuit means 54 providing 
the result of comparison between the sum tignal Q 
and the ttireshoW value R Is obtained only In the 
vicinity thereof, hi short. It ts sufffcf em ff the vicinity 
of the maximum and minimum values of the dif- 
ference dgnsi L is specified from the logic sum of 
the signals obtained from Itie sum signal and the 
difference signal. 

As explained above, according to the first as- 



pect of the present Invention, there is pro\Wed the 
reference signal generat/on apparatus foi a position 
detector, comprising the first sUt section having a 
plurality of sQta of unoQUdl widths or intervals on 
5 the moving sRt plate, the second slit section of a 
similar construction on the Hxed slit plate, a plural. 
Ity of Hght detectors for detecting tfie light transmit- 
ted through the slit sections, circuit meana for 
determining the difference signal of the output sig- 
?o nals of the Oght detectors, and circuit means for 
generating a reference signal between the maxi- 
mum and minimum values of the difference signal, 
wherein the light detectors and the silt sections are 
arranged in such a way that the outputs of the light 
75 detectors take a maximum value at predetermined 
inten/als on the moving sMt plate, whereby the 
outputs of tfie light detectors for transmitting the 
light at superposed portions of the first and second 
slit sections exhibit a largo sharp level, and the 
» production of the difference signal Improves stabil- 
ity against noiso and fluctuations in luminous en- 
ergy for an improved signaHo^nolee ratio and re- 
liability, At the same time, a large maximum In- 
clination of the difference signal Is obtained to 
25 producs a highly accurate reference signal. Also, 
the slits may be widened thereby to rt^ake It possi- 
ble to to Inoeafie the distance between the moving 
slit plate and the fixed slit ptat^, thereby reducing 
the change of damage and slmpniyiftg the asaem- 
30 biy adjustment Further, there Is no need of fomilng 
a large opening unnko In the first example of the 
prior art described above, thereby eliminating the 
light circumvention for a reduced alze of the ap- 
paratus. 

36 According to the second aspect of the inven- 
tion the nrst and second silt sectione are config- 
ured In auch a manner that when one of the ou^ 
puts of the light detectors In the first aspect of the 
Invention reaches a peak other than the highest 

40 mai^um lavet the output of the ffght detector also 
reaches a similar peak, whereby the peaks other 
than the highest maximum and nriinirnvm levels of 
the difference signal may be reduced for an Im- 
proved algnal-to-fialse latio and rellabifity. Also. If 

46 ttie sHt sections are oonflgured to offset peaks 
other than the required ones, the freedom of ar- 
rangement of the silt sections is increased ther^y 
to reduce the apparatus size. 

According tn the mlrd aspect of the present 

60 invention, the cfrcutt rrraans for generating the ref- 
erertce signal f^m tiie difference signal la so con- 
figured that til© reference signal Is generated only 
duiing tiie p«1od betweer) two different vafues tak- 
en between the maximum and minimum values of 

55 ti)e difference signal, whereby a fixed production of 
the reference signal Is attained regardless of the 
direction of rotation, and hy setting two values, the 
position and duration of the reference signal may 
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5rt rn ftre sdStisfrndnt 

According to tho fourth aspect of the prasant 
Inventfon, each of m first slit sectJon and the 
«cond sOt sscifon mado up of a pluralfty of sift 
row9 each with a plurality of sJffs of different rntgr- s 
vals or widths in diffarBnt sBt patterns, so that the 
Bght transmitted through the slit rows of tha first sflt 
sedton and the secortd m section are detected by 
the «ght detectors, whereby a peak output la pro- 
duced when the slit patterns coincide with" each ;e 
other or have a number of common parts. This 
configuration permits an arrangement h which 
ferent 35t rows are superimposed and tha sSt rows 
may be arranged along the directlgo of motion of 
the moving sM pJale. thereby reducing the size of is 
the apparatus. Also, the light detectors preducss 
(fiftorent outputs from deferent slit rows, and there- 
fore an optimum difference signal fs obtained bom 
combinations of tha ou4)uts. 

Atxording to the fifth aspect of the present 20 
Invention, each of the first and second slit sectrons 
In the fburth aspect of ttie Invention is configured of 
a plurality of sOt rows with e sBt angle different 
from those of the aforementioned case, and the 
conespondrng silt rows of the first and second silt 2s 
sections have the s^e sflt Inclination angle, 
whereby a sharp peak is obtarned only when the 
sOt njws of the same slit fncllnaBon face each 
other. This makes possible an anrangemem in 
which a plurality of lilce silt patterns are supsrfnv- jo 
posed on each other for a reduced size of the 
apparatus. Also, ttie increased freedom of design 
of the pattern of sift rows contributes to an op- 
timized and slmplffied configuration of the appara- 
tus, ss 

AccoirJlng to the sixth aspect of ^ the present 
inventk^n, brighWartc stipes due 10 the Fraunhofer 
diffraction image formed by laser beam fiitd pe- 
rlodcaf sOt rowe are detected, whereby It is pos^ 
ble to widen tfie distance be^veen the moving slit 40 
plats and the fixed sift plate and heme the slit 
pilches* thereby reducing the ^ange of the dam- 
age t3 the apparatus* simpfifying the assembly and 
adjustment of the apperstus. while at the same 
time reducing the size and improving the accuroy 4s 
due to tha reduced sfit pitches. 



Claime 

60 

1. In a photoelectric position detector with a' 
moving slit plate (1) and a fixed sBt plate 
arranged between a light source and a pkiralKy 
of light detectors (30, a reference signal gen* 
erailon apparatus compfising a first sfit section {32) ss 
including a plurality of silts of cfifferem intefvals or 
dlfrsrem widths formed on the moving silt plate (1) 
(or Indlcaflng e reference position, a second sGt 



secfion (33) Including a plurality of aiits of different 
intervals or widths on the fixed silt plate (3) tor 
Indicating a reference position, a pluraifty of the 
light detectons (30, 31) for detecting the- Bght trane- 
mmed through the first slit section (32) and Ihe 
second sTrt section (33), circuit means (36) for 
producing a dlff^nce signal between the outpirt 
signals of the light detectors (30, 31), and circuit 
means (38) for producing a reference signal repre- 
senting a reference position In the vldntty of ^e 
maximum and mlnjmum levels of the difference 
signal, wherein the detectors (30, 3i), the ffrst 
slit section (32) and the second slit section (33) are 
arranged in such a manner that the outputs of the 
light detectors (30, 31) take a maximum value at 
predetermined irrtenrals wfth the motion of the mov^ 
Ing sirt plate (l), 

2. rn a photoelectric posidon detector with a 
moving sift plate (1) and a fixed sirt plate (3) 
arranged between a light soun:8 (2) end a plurality 
of light detectors (30. 31), a reference signal gen- 
eration apparatus comprising a first slit plate (32) 
Including a plurality of slits of differem intervald or 
different widths tonned on the moving sRt plate (1) 
for indicating a reference position, a second sUt 
section (33) including a plurality of slHs of ififfsrent 
intervals or different widths on the fixed slit plate 
(3) for tncficatlng a reference poslHon, a pluranty of 
the Rght detectorB (30, 31) for detecting the light 
transmitted through the first silt section (3S) and 
the second silt section (33), circuit mesne (36) f6r 
produdng a difference signal between the output 
s^nals of the Bght detectors 31), and drcult 
meens (38) for producing a reference signal repre- 
senting a reference poshion in the vicinity of the 
maximum and minimum levels of the difference 
sfgnal. whereby ihd Rght detB0K»ra (30, 31), the farst 
slit section (32) and the second silt section (33) are 
arranged In such a manner that the outputs of the 
tight detectors (30, 31) assume a maximum value 
at lyedetemUned intervals wi^ the motion of the 
movirig silt plate (l). and flie first sUt secfion (32) 
and the second slit section (33) are conffgurBd m 
such a manner that when ^e output of one of the 
light detectors (30, 31) reaches a peak other tt^ 
the highest ma^'mum. values, the output of the 
other llgtrt detector also reaches a peak. 

3. A ref^nce signal generation apparatus ac^ 
corefing to aaim £ wherein the first sift section (32) 
and the second sth section (33) are so configured 
ttet when the cu^ of one of the detectors (30^ 
31) takes a maxlrmim value, the output of the other 
Oght detector takes a local minimum - value, and 
otherwise the outputs of the fight det^tors (30. 31) 
are substantially equal to each oth^» 

4. In a photoelectrto portion dete c tor with a 
moving slit plats (1) and a fixed slit plate (3) 
anmged between a Gght source (2) and a plurality 
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Of light dBtedora (30, 31). a r^^renco sfgnal geiv 
eratfon apparatus comprising a first $|it soction (32) 
on the moving slit plate (i) for lndlcatihg a refer^ 
enco posltloii. a second sift sectJon (33) on the 
Rxed slit pfato (3) for Indicating a refBroncd posi- s 
«on, a plurality of light detectors (30. 31) for d9tec^ 
ing the light transmitted through the first sirt sectron 

;S ^^^^ f^eans 

(38) for producing a difference signal between the 
output sIgnaJs of the ifght detectors (30, 31). and io 
circuit means (38) fbr producing a refet^s signal 
indicating a reference position only during the pe- 
riod when the difference signal takes two different 
values between the maximum and minfmum levels 
thereof wherein the light detectors (30, 31). the ts 
first srit section {32) and the second slit section 
(33) are arranged In such a manner that the outputs 
of the light detectors (30, 31) take a mawmum 
value at predetemiined intervals with the motion of 
the moving silt piato (1). ^ 

5. In a photoelectric position detector wfth a 
moving silt plate (l) and a fixed sDt plats (3) 
an*anged between a light source (2) and a plurality 
of fight detectors (30. 3i), a reference signal gen- 
eration apparatus comprising a first slit seoiion (32) 25 
including a plurality of sfit rows having different snt 
patterns and a plurality of sflts of different Intervals 
or different v\ridlhs on the moving slit ptate (1) for 
Indicating a reference position, a second sUt sec- 
tion (3) Including a piuraiHy of slit rows of different so 
patterns on the tSxed slit plate <2) for indicating a 
nafenence poslOon. a plurality of Pght detectors (30, 
31) for detecting the light transmitted through the 
silt rows of the first silt section (32) and (he second 
silt section (33), circuit moans (36) for produdng a as 
difference signal between the output signals of the 
light detectors (30. 31), and drcuil means (38) for 
pnjducing a reference signal Indicating a reference 
position between the masdmum and minimum val- 
ues of the difference signal^ wherein the fight d&< 4e 
tBdors (30. 31). the first slit seclfen {Z2) and ttie 
second slit section (33) are arranged In such a 
manner that the outputs of the light detectors (30. 
31) assume a maximum vaiue at predetermined 
intervals with the motion of the vmang silt plate 45 
OK 

8. A reference signal genaraflon apparatus for 
a position detector acconjing to Claim 5. wherein 
the first snt section (32) aid the second slit section 
(33) are configured in such a manner that when the so 
output of one of the light detectors (30. 31) as- 
sumes a maximum value, the output of the other 
Rght detector takes a local minimum value, and 
othemvise the outputs of the light detectors (30, 3t) 
are substantially equal to each other. ss 

7. in a photosiectrtc posifioh detector with a 
moving sift plate (1) and a ftxed sfft plate (3) 
arranged between a light source (2) and a pluraDty 



erf light detectens (30, 31). a reference signal gen- 
eration apparatus comprising a first sftt section (32) 
including a plurality of sili rows of dmorent silt 
angles oach having a plurality of slits of different 
rnlen^als or different widths on the moving sRt pl^ 
(1) for indicating a reference position, a second slit 
section (33) including a piuraflty of slit toy/s of the 
same slit angle as those of the first slit section (32) 
on the fixed sDt plate (3) fbr Indicating a reference 
position, a plurality of light ctetectors (30. 31) for 
detecting the light transmitted through the first silt 
section (32) and the second sRt section (33), cln:ult ' 
means (38) for producing a difference signal be- 
tween the output signals of the light detectors (30. 
31). and circuit means (38) fbr producing a refer- 
ence signal indicating a reference position between 
the maximum and mlnfmum levels of the difference 
signal, wherein the light detectors (30, 31), the first 
sfit section (32) and the second slit section (33) are 
so configured that the ou^uts of Ihe light detectors 
(30. 31) take a maximum at predetermined intervals 
wfth the motion of the moving slit plate (1). 

8. A ruferenc© signal generation apparatus ac- 
cording to Claim 7, wherein the first slit sectkm (32) 
and the second sPrt section (33) are so configured 
that when the output of one of the Rght detectors 
(30. 31) takes a masdmum value, the output of the 
other light detector assumes a local .minimum val- 
ue, and othenvise the outputs of the jlght detectors 
(30, 31} are substantially equal to each other. 

9. A reference signal generation apparatus tor 
a position detector according to Claim 4, ftirttier 
comprising a circuit for producing a sum signal of 
the output signals of the light detectors (30, 31), 
and circuit means (38) for producing a reference 
s^nal indicating a reference position only when the 
difference signal takes two different values between 
the maximum and minimum levels of the difference 
signal in the vicinity of a local maximum poiht of 
tfra sum signal. 

10* In a photoelectric position detector wfth a 
moving slit plate (I) and a fixed sfit plate p) 
amanged between a light source (2) and a plura^ 
of tight detectors (30, 31), wherein said Ifght source 
(2) is a laser beam soume, and the moving dit 
plate (1), the fixed slit plate (3) and the fight detec- 
tors (3a 31) are so antnged that bright/d^ stripes 
of the Fraunhofar diffraction image formed l>y the 
slit section of the alit plate on the fight source aide 
are racEated on the light detectors 31) through 
the silt section on the slit plata on the light detsctor 
side; 

a reference signal generation apparatus 
oompristitg a first slit section ^ including a piu- 
raflty of sifts of different intenmls or different widths 
on the moving sfft plate (1) fdr indicating a refer- 
ence positron, a second sGt section (33) Including a 
plur&Tfty of sQta of different Intervals or different 
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Widths on the fixdd slit prate (3) for indicating a 
reference position, a pfuralfiy of l^ht detectors 
31) fbr detecting tfie light transmitted through the 
first sHt section (32) and the second sirt section 
(33), o'rcurt means (38) for producing a difference 
signal between the outputs of the Bght detectore 
<30. 31), and circuit means (38) fbr producing a 
refeience signal tndtcatfng a reference positiim in- 
the vicinity of the maximum and minimum points of 
the difference signal, th© Ifght detectors (30, 3l)» 
the first slit section (3g and the second slit section 
(33) being arranged 'm such a manner iKat the 
outputs of the light detectors (30. 31) take a maw- 
mum value at predetermined intervals with the mo- 
tion of the moving silt plate (1). 

11. In a photoelectric position detector with a 
moving slit ptate (1) and a fixed ailt p^ate (3) 
arranged between a light source (2) and a pfuralrty 
of nght detectors (30, 31), wherefn said ifght source 
is a laser beam source, and the moving silt plate 
(1). the fixed slit plate (3) and Oie light detectors 
(30, 310 are 80 arranged that brfghtrdark stripes of 
flte Fraunherfer diffraction Image fdrmed by the silt 
section of the dlt pbte on the Oght sounca side are 
radiated on the light detectors (30, 31) tiirough the 
silt section on the slit plate on the Bght detector 
aide; 

a vefSerence signal generafion apparatus 
comprising a first slit section (32) including a plu- 
rality of silts of diffdrent Intervals or widths on the 
moving slit piate (1) fbr indcatfng a refierence posi- 
tion, a second slit section (33) including a pluiailty 
of slits of dfferent brtervals or widths on the fixed 
snt plate (3) for indicating a ref^ence position, a 
plurality of light detectors (30, 31) foe detecting the 
light transmftted through the first ^ section (32) 
and ttie second sIrt ssctfon (33), drcuft means (38) 
fbr producing a diRieience signal oetween the ou^ 
puts of the Rght detectors (30, 31). and cTicuit 
means for producing a reference signal in- 
dicating a re^enee portion in ti^ vtolnlty of the 
maximum and minimum points of tfie difference 
signal, the Bght detectors (30. 31), t}te first sfit 
section (32) arKt tiie second set section (33) being 
50 arranged that me outputs of tii© light detectors 
(30. 31) take a maximum value At predetermined 
intervals witii the motion of tiie moving ^rt plate 

(1) . tiie tirst slit section (32) end the second sOt 
section (33) being configured in such a mnner that 
when the output of one of the light detectors (30. 
3t) reaches a peak other than the hl^iest maxi- 
mum value, tile cwtput of the other IJghl detector 
also assumes a peak value. 

12. in a photoelectric position detector with a 
moving silt ptate (1) and a fixed slit ptale (3) 
an^ged between a light source (2) and a plurality 
of light detectors (30, 31), wherrfn ttio i^ht source 

(2) is a ^aser beam sourcSt and tiie moving silt 
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ptete (1), the fixed slit plate (3) and tiie Oght detec- 
tors (30. 31) are so arranged that brighVdark stripes 
of the Fr^nhofer diffraction Image formed by tfie 
•sIrt section of the slit plate on tile Ifght eource skfe 
5 is radiated on tfie Ifght detectors (30, 31) through 
tiie slit section of tiie efit plate on ti)e Oght detector 
side; 

a reference signal generation apparatus 
comprising a first slit section (3Sj on the moving 

K m plate (1) for indicating a reference position, a 

second slit section (33) on the fixed silt plate (3) for ? 
indicating a reference position, a plurality of light 
detectors (30. 3l ) for detecting the light transmitted 
tiirough tiie first slit section (32) and tiie second slit » 

IS section (33). circuit means (36) fbr producing a 
difference signal between ttie outputs of the light 
detectors (30. 31). and dn:tHt means (38) for pro- 
ducing a reference signal only when ttie difference 
signal takes two drffisrent values between the max!- 

20 mum and minimum values thefecf, the Oght detec- 
tors (30. 31). the ffrst silt section (32) and tiie 
second slit section (33) being arranged In such a 
manner ti\at the outputs of the light detectors (30. 
31) assume a maximum value at predetermined 

25 Intervals wrUi the motion of tiie moving $rit plate 

13. In a photpelectrfc position detects wrtir e 
moving slit plate (1) and a &<ed slit piate (3) 
arranged between^ a light source (2) and a plurality 

30 Of light detectors (30. 31), wheiein the light source 
is a laser beam source, and tfie moving slit plate 
(1), tiie fixed silt plate (3) and tfis Oght detectm 
(30. 31) are so an-anged that brfght/dark stripes of 
ti^ Fraunhefer diffraction image formed by the slit 

as section of tiie slit plate on the light source -side le 
radiated on tfie light detectors (30, 31} through tfie 
elft section of tfie sift plate on tiie light detector 
side; 

a refeiience signal generation apparatus 

40 comprising a first ^ section (32) including a plu- 
rality of silt rows of dffdrent snt pattenns each 
liavlng a plurality of snts of diffisrent Irftervals or 
different vridtfis on the moving slit plate (1) fbr 
indteating a reference posttidn, a second slit seo- 

4$ tion (33) includSng a pluralfty of sTrt rowe of dTrfferent 
sBt pattens on the fZxed sHt plate (8) for Indicating 
a reference position, a plurality of light detedora , 
(30, 31) fbr detecting tiie Ifght transmitted through 
the sOt n)w3 of the Uralt sQ section (32) and tfie 

60 second slit sectfcm (33), circuit means (36) fdr t 
produ^ a difference signal between tiie outputs 
of tiia nght detectors (30. 31) and circuit means 
(33) for producing a raf^rence signal (ndloallng a 
refersoca posftioit l>etween the maxirmim and mini* 

6S mum points of tfie difference signal, tiie light da- 
tectors (30. 31). the first slit section (32) and tiie 
second sat section (33) being conffgured in such a 
manner tiiat ttie ou^^uts of tfie light detectora ^ 
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31) assume a ma)(imum value at preddtermined 
intervals with the motion 6i the movln9 sBt plate 

14. In a photoslectric position detector with a 
moving m plat© (l) and a fixed sfrt pjate (3) s 
arranged between a Kflhl source (2) and a pturaHty 
Of light detectora (30, 31), wherein the light source 
(2) IS a laser beam source, and the moving silt 
plate (1). the Tixed sHt plate (3) and the light dateo 
tors (30, 31) are arranged In such a manner that ;p 
brlght^dark stripes of the Fraunhoter diffraction Im- 
age fornied by the gift section of the slit plate on 
the nght source side is radiated on the Tight detec- 
tors (30. 31) through the sift section of the sfit plate 
on the fight detector aide; ,5 

a reference signal generation apparatus 
comprising a first slH secfion (32) incJuding a plin 
raJrty of slit rows of different slit angles each includ- 
ing a plurality of slits of different interims or d^^ 
ferent widths on the moving sOt plate (1) for Indlcat- at) 
big, a reference posffion, a second sift section (33) 
friciudlng a plurality of sill row9 of the same slit 
angles as the first sill sacCon (82) on the fixed silt 
plate (3) for indicating a reference position, a plu- 
rality of light detectors {30. 31) f6r delecting the 25 
light transmitted through the first sift sectton (32) 
and the second silt section (33), circuit means (36) 
for pnxJucing a difference srgnaJ l^tween the out- 
put Signals of the light detectors (3Q, 31 )» and 
circuit means (38) for producing a reterenoe Signal 3D 
indfeattrrg a reference position between Ihe ma)d- 
mum and minimum points of tiie difference signal, 
the light detectors (30. 31 ), the first sift section (32) 
and the second sTit section (33) being 'an'anged In 
such a manner that ttie outputs of the light deteo- ^ 
tors (30. 31) take a maximum value at predeter- 
mined 'mrsrvm with the motion of the moving slit 
plate (1). 

15. In a photoelectric po^on detoctor with a 
moving slit plate (1) and a fixed slit plate (3) 4o 
anrangad between a light source (2) and a phirafity 
of light detectors (30, 3i). wherein the light source 
(2) Is a laser beam source, and the moving silt 
plate (1), the fixed sHt plate (3) and Hie Bght detec- 
tors (30, 31) are anw^ed in such a manner that 46 
bright/dark stripes of the Fraunhofer dtffiractlon kn- 
age formed by the sRt secUon of the slit pfate on 
the Rght source side aro radiated on light 
detectors (30, 31) through the sUt section of the sDt 
plate on the light detector side; so 

a reference signal ganerafion apparatus 
compfising a first sQt section (32) including a plu- 
rality of slits of different intervals or widths on the 
moving sflt plate (1) for indJcafing a reference posi- 
tion, a second sirl section (33) Including a plurality $6 
of sfits of different inten^ab or different widths on 
tfte fixed sm plate for Indicating a reference poal- 
Son, a plurality of light detectors (30, 31) for detect- 



ing the fight transmitted through the first slit section 
(32) and the second slit section (33), circuit means 
(36) for producing a difference signal between ihe 
output annals of the light detectors (30, 3t). and 
circuil means (38) for producing a reference signal 
indicating a refisrence position only when the dif- 
ferenco signal takes two different values between 
the maximum and minimum levels thereof, the light 
detectors (30. 31), the first slit section (32) araj the 
second slit section (33) being an^ed In such a 
manner that the outpute of the light detectors (30, 
31) assume a maximum value at predetermined 
Intervals with the motion of the moving slit plate 
(1); the first slit section (32) and the second slit 
section (33) being so configured that when the 
output of one of the fight detectors (30, 31) takes 
Ihe highest maximum value, the output of the other 
light detector assumes a local minimum value or a 
value approximate thereto, and wher» the output of 
one of the light detectors (30, 31) assumes a local 
mawmim value not highest, the output of the other 
light detector also assumes a local maximum value 
or a value approximate thereto: the first silt section 
(92) and the second silt section (33) being itiither 
so configured that the slit patterns of the silt rcws 
of the first slit section (32) and the sacond slit 
section (33) for transmitting the light corresponding 
to the r^ht detectors (30, 31) i^pectively asso- 
ciated with the maximum output signals thereof are 
different in the parts thereof con^spondlng to the 
Rght detectors (30, 31) respectively. 

10, A reference signal generation apparatic for 
a position detector according te Claim IS, wherein 
the Fraunhofer dtfflraetton image Is formed by the 
position- detecting ^it section. 

17. A naference srgnal generafion apparatus for 
a position detector according to Claim 15. wherein 
a plurality of Gght detecters fbr genenatteg a refers 
ence signal are an'anged ^g the direction of 
motion of the moving sfit plate {1)» 

ia» A reference signal generation apparatus for 
a position detector acconJIng to Claim 15. ftether 
comprising dn^Jlt means for producing a sum sig- 
nal of the output signals of the light detectors (30, 
31) fbr generating a reference signal, and circuit 
means (55) for generatirig a reference signal only 
during the period when the difference signal takes 
two different values between the maximum end 
minimum values thereof in the vk:lnfty of a local 
maximum value of the sum signal 

19. A reference signal genaraSon apparatus fbr 
a posWon detector according to Qaim 15. wherein 
the first sQt section (32) and the second sOt sectson 
(33) are so configured that when the output of on© 
of the light detectors (30. 31) for generating a 
reference signal is a maximum value or In the 
vicinity thereof, the output of the other light detec^ 
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tor i$ suffictently small, and olherwfM the outpMts 
of tha flgm detectors (30, 31) ara substantfally 
equal to each other. 

20. A r^ferenca signaf ganeratlon apparatus for 
a poslUon detector according to aafm 15, wherein s 
me firat silt (3j2) and the second slit section 
(33) $re so configuTQd that the Intervals and/or the 
widths of a plurality of slits maidng up the m 
sections (32, 33) are different from each other, so 
that the slit patterns of the 9f?t rows of the first allt to 
section (32) and the second slit section (33) for 

transmitllng the Bght associated wth the light do- ' * 

tBctors (30, 31) producing the maximum levels of 
the output signals are dfff^rsnt In the parts thereof 

oorre^ndlng to the respective Rght detectors (30, is ' 
31). 
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